Scheme 1
Homoallylic amines are valuable building blocks in organic synthesis as precursors for β-amino acids and many heterocycles. [1] [2] [3] In addition, the structural motif is present in numerous biologically important substances. 3 During our recent studies on the reaction of allylindium reagents and nitrile moiety-containing substrates 4 we found that the imine intermediate, generated in situ by the reaction of a nitrile and allylindium reagents, could be quenched by a suitable electrophilic quencher in the same molecule to form a cyclic compound. 4 Inter-and intramolecular quenching of the imine intermediate has been known in limited cases. 5 Based on the previous results 4, 5 we reasoned out that a regioselective introduction of a homoallylic amine moiety at the 2-position of quinoline could be accomplished by a simple two-step procedure, as shown in Scheme 1. The first step is a synthesis of Reissert compound of quinoline 6 and the next is an In-mediated allylation of nitrile moiety of the Reissert compound. 4, 7 In the intermediate stage, an intramolecular transfer of benzoyl group would be possible because the dihydroquinoline residue is a good leaving group and the N-benzoylimine intermediate could be converted into the homoallylic amine by a consecutive 1,3-H shift (see, path-a in Scheme 2).
In order to examine the feasibility of our assumption, a representative Reissert compound 2a was prepared according to the reported method. 6f The reaction of 2a and allyl bromide was carried out in THF in the presence of indium metal at refluxing temperature for 20 min. To our delight, desired compound 3a was obtained in good yield (70%) along with a trace amount of imidazo[1,5-a]quinoline 4a (6%). 8 The reaction mechanism can be postulated as shown in Scheme 2. The reaction of 2a and allylindium reagents produced an imine intermediate (I), which produced N-benzoylimine intermediate (II) by following the path-a. The dihydroquinoline moiety acts as a leaving group to form (II). Successive 1,3-H transfers of (II) produced a homoallylamine derivative 3a. Compound 4a was formed in a trace amount via the dehydrative cyclization (path-b). 8 Encouraged by the results, various Reissert compounds 2b-e were prepared in high yields (85 -89%) and the reactions with allylindium (or methallylindium) reagents were carried out. As shown in Table 1 , the corresponding homoallylic amine derivatives 3b-h were obtained in reasonable yields (50 -79%). The reactions with methallyl bromide (entries 6-8) afforded the corresponding products in higher yields than the cases of allyl bromide (entries 1-5). However, the reactions of 2a with benzyl bromide or crotyl bromide did not produce the corresponding amines in reasonable yields under the same reaction conditions. The reactions showed very sluggish reactivity and produced many intractable side products.
It is interesting to note that the reaction of a Reissert compound 2f, derived from isoquinoline, did not produce the corresponding homoallylic amine 5 under the same reaction conditions, as shown in Scheme 3. Instead, a imidazo[5,1-a]isoquinoline derivative 6 was isolated in low yield (17%). The failure might be due to the less leaving ability of dihydroisoquinoline moiety (Scheme 3) than the dihydroquinoline moiety in the case of qui-noline (Scheme 2).
The reaction of N-hexanoyl derivative 2g did not produce the corresponding product, quite unexpectedly (Scheme 4). We isolated N-hexanoylimine derivative 7 in moderate yield (52%). This compound might be formed via an aerobic oxidation of the corresponding N-hexanoylimine intermediate (V). The reason for this unusual reactivity of 2g is unclear at this stage.
In summary, an efficient two-step procedure was developed for the introduction of a homoallylic amine moiety at the 2-position of various quinolines. 9 The reaction involved a synthesis of Reissert compound and a subsequent In-mediated allylation of nitrile.
Experimental Section
Preparation of starting materials. The Reissert compounds were prepared according to the reported procedures.
6f-i As a cyanide source KCN was used in most cases; however TMSCN was used for the preparation of 2c 6g and 2g. The spectroscopic data of unknown compound 2g are as follows.
Compound 2g: 65%; colorless oil; IR (film) 2234, 1659, 1493, 1335 cm -1 ; 1 H NMR (CDCl 3 , 300 MHz) δ 0.84 (t, J = 6.9 Hz, 3H), 1.19-1.35 (m, 4H), 1.53-1.73 (m, 2H), 2.32-2.64 (m, 2H), 6.08 (dd, J = 9.0 and 6.0 Hz, 1H), 6.51 (d, J = 6.0 Hz, 1H), 6.76 (d, J = 9.0 Hz, 1H), 7.24-7.38 (m, 4H); 13 Typical procedure for the synthesis of 3a. A stirred mixture of 2a (130 mg, 0.5 mmol), allyl bromide (181 mg, 1.5 mmol), and indium (86 mg, 0.75 mmol) in THF (2 mL) was heated to reflux for 20 min. After the usual aqueous workup and column chromatographic purification process (hexanes/CH 2 Cl 2 /EtOAc, 7:2:1) compound 3a was isolated as a pale yellow solid (106 mg, 70%) along with 4a (9 mg, 6%). Other compounds 3b-h were synthesized similarly, and the spectroscopic data of 3a, 4a, 3b-h, 6, and 7 are as follows. 
